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THE HEMOGLOBIN MOLECULE IN HEALTH AND DISEASE

LINUS PAULING

Professor of Chemistry, California Institute of Technology
(Read April 19, 1951)

I. THE HEMOGLOBIN MOLECULE IN HEALTH

HemoGLOBIN is one of the most interesting
chemical substances in the world—to me it is the
most interesting of all. Each of us carries around
with him his own supply, amounting to a pound
or two, approximately one per cent of the body
weight. This supply is in the red corpuscles of
the blood. Hemoglobin is the pigment of blood:
it has a beautiful red color in arterial blood, and
a purple color in venous blood. It is hemoglobin
that gives a pink flush to our skin; we are pale
when there is a deficiency of hemoglobin in the
skin, either because of a general deficiency of the
substance in the body, an anemia, or because
blood is driven from the skin to the interior of the
body by the contraction of the blood vessels in
the skin.

The red corpuscles in man are flattened disks
about 70,000 A in diameter and 10,000 A thick.
In an ordinary microscope they have the appear-
ance shown in figure 1. These red cells are sus-
pended in the plasma of the blood, and they con-
stitute about one third of the blood. They are
full of hemoglobin, which makes up about 35 per
cent of each red cell. There are about 100 mil-
lion hemoglobin molecules in each red cell; this
number is small in part because the red cell itself
is small, and in part because the molecules of
hemoglobin are large. Their molecular weight is
68,000, which may be compared with 18 for water,
46 for ethyl alcohol, and 342 for sucrose. The
molecule contains about 10,000 atoms, of carbon,
nitrogen, hydrogen, oxygen, sulfur, and other ele-
ments. There are four atoms of iron in the
molecule, which play a special part in the principal
function of hemoglobin, that of combination with
oxygen.

The main work done by the blood is that of
carrying oxygen from the lungs to the tissues,
and carbon dioxide and other products of break-
down of tissues and foods to the lungs and excre-
tory organs. The hemoglobin molecule is in-
volved in carrying oxygen from the lungs to the
tissues and in carrying carbon dioxide from the

tissues to the lungs. The hemoglobin molecule
can combine with four molecules of oxygen; the
resultant oxyhemoglobin is bright red in color.
In the tissues, where the partial pressure of oxy-
gen is less than in the lungs, it gives up part of its
load of oxygen, which then is used in oxidation
reactions of various sorts. The carbon dioxide
produced by oxidation of compounds containing
carbon is then carried by the blood back to the
lungs, and released in the exhaled air.

The four oxygen molecules that can be taken
up by the hemoglobin molecule attach themselves
to the four iron atoms that are present in the
molecule. These iron atoms are present as the
central atoms in complexes called hemes, with the
structure shown in figure 2. These four flat
groups of atoms are present in the hemoglobin
combined with the rest of the molecule, a protein
called globin. It is the hemes that are responsible
for the color of hemoglobin. The nature of the
bonds in the hemoglobin molecule has been eluci-
dated in considerable part by the study of the
magnetic properties of hemoglobin. It was dis-
covered over fifteen years ago ! that venous blood
is paramagnetic—that is, it is attracted into a mag-
netic field—whereas arterial blood is diamagnetic,
and these magnetic properties have been found
to be closely correlated with the bonding of the
iron atoms.

Although some of the carbon dioxide that is
carried by the blood from the tissues to the lungs
is in chemical combination with hemoglobin, most
of it is carried in solution in the blood. The
hemoglobin contributes to this mechanism of
transport of carbon dioxide in a very ingenious
manner. There are in the hemoglobin molecule
four acid groups which are coupled with the heme
groups in such a way that their acidity is greater
for an oxygenated heme than for a deoxygenated
heme. Accordingly when the blood reaches the

! Pauling, L., and C. D. Coryell, The magnetic prop-
erties and structure of hemoglobin, oxyhemoglobin, and
carbonmonoxyhemoglobin, Proc. Nat. Acad, Sci. 22:
210-216, 1936.

PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SOCIETY, VOL. 96, No., 5, 0CTOBER, 1952

Reprint

Printed in U. S. 4.



557

LINUS PAULING

[PROC. AMER. PHIL. SOC.

Fra. 1. At the left a drawing of normal human red cells, as seen through the ordinary microsgope; at the right,
sickled red cells, present in the venous blood of patients with sickle-cell anemia.

lungs, and oxygen molecules attach themselves
to the iron atoms of the four heme groups in the
hemoglobin molecule, the acid groups coupled
with these heme groups become stronger, and
liberate hydrogen ions. This increase in acidity
of the blood causes some of the bicarbonate ion
dissolved in the blood to change to carbonic acid,
H,CO,, which then breaks down to water and
carbon dioxide. The heme-linked acid groups

F16. 2. A heme group, the compound of an iron atom

and a protoporphyrin molecule. Four of these hemes
are present in the hemoglobin molecule; they are

" responsible for the red color of hemoglobin, and
also are involved in the combination of hemoglobin
with oxygen.

assist in this way in the liberation of carbon di-
oxide in the lungs. Similarly when the blood
containing oxyhemoglobin reaches the tissues, and
the oxygen is liberated from the hemoglobin, the
acid groups become weaker, and the blood becomes
more basic, thus increasing the solubility of carbon
dioxide in the blood, and assisting in removing
it from the tissues.

It may well be that the hemoglobin molecule
carries out other functions, but not so much is
known about them as about these functions of as-
sisting in the transport of oxygen from the lungs
to the tissues and of carbon dioxide from the
tissues to the lungs.

There are many different kinds of hemoglobin.
All vertebrate animals and many invertebrate ani-
mals use hemoglobin as an oxygen carrier, and
the hemoglobin molecule is, so far as is known,
different for every animal from that of every
other animal. - The differences may be small, but
they are detectable by the sensitive methods of
examination of crystals of the substances, and
testing with antisera that are produced by in-
jection of hemoglobin of different sorts into ani-
mals. The differences are due entirely to the pro-
tein part of the molecule, the globin; the heme is
the same in all hemoglobins that have yet been
investigated.

In some animals, including man, a different sort
of hemoglobin is present in the blood of the fetus
from that in the blood of the mature animal . Hu-
man fetal hemoglobin makes up all of the blood in



























